Abstract
Core tip: This is a retrospective study comparing the incidence of quick development of Dupuytren's contracture (less than 5 years) and peculiarities of palmar hypodermal tissue vascularization and microcirculation in two age groups of patients undergoing partial fasciectomy. The quantitative characteristics of palmar fascia perforating arteries remodeling, the hypodermal adipose tissue vascularization, and skin microcirculatory flow in patients with Dupuytren's contracture depending on age were represented for the first time. In patients younger than 55 years, the incidence of rapidly progressive contracture was two, nine
INTRODUCTION
Dupuytren's disease (palmar fascial fibromatosis) relates to fibro-proliferative pathology of unknown cause that affects predominantly palmar and digital fasciae, limits finger extension, and causes a progressive contracture of metacarpophalangeal and interphalangeal joints and persistent hand deformity. The prevalence of the disease in different countries varies significantly and is caused by geographic factors, ethnic peculiarities, age, and gender population composition [1] . In most of countries, it affects mainly men over 40 years old. Risk factors for Dupuytren's contracture remain a topic of discussion. The independent role of alcohol, smoking and the aggravating effect of their combination, the role of chronic traumatization during manual labor, and effects of vibration have been proven [2, 3] . The main mechanisms of pathogeny are expression of genes, controlling fibrosis and tissue remodeling [4] , vessel narrowing, tissue hypoxia, and formation of free radicals and active forms of oxygen [5] , reactive inflammation [6] . Pathologically changed tissues in Dupuytren's contracture represent fibromatosis nodules and chords with different microscopic structures. Nodules are characterized by increased vascularity and abundant fibroblasts, and among them there are plenty of myofibrolasts with contractile properties; cords contain less cellular elements and are relatively avascular but rich in collagen. Transforming growth factor β is considered the main modulator of myofibroblast transdifferentiation [7] . Palmar fascial fibromatosis is a kind of reactive proliferation, but not like tumor processes [8] , although it was characterized by infiltrative growth [9] in hypodermis, dermis, tendons sheaths, and joints capsules. On the other hand, in the skin and hypodermis of Dupuytren's contracture patients, high expression of stem cells markers was revealed [10] . Stem cells are considered an additional source of fibroblasts and myofibrolasts proliferation. Lamininrich blood vessels also act as the centers of myofibrolasts proliferation [11] . Substantial differences in genes expression were noted in the hypodermis but not in skin of Dupuytren's contracture patients compared to healthy individuals [12] . September 
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In type 2 diabetes, the severity of insulin resistance is determined by changes in vascularity of hypodermis [13, 14] . A characteristic feature of Dupuytren's contracture tissues is plenty of young vessels [9] , but the influence of tissue vascularization on the course of the disease is unclear. There are contradictory reports regarding the impact of patient's age on disease onset, progression, and recurrence [15, 16] . Vascularization of hypodermis in Dupuytren's contracture patients of different age groups has not been studied. The aim of our research is to investigate the structural and functional characteristics of palmar hypodermal tissue vascularization in Dupuytren's contracture patients of different age groups.
MATERIALS AND METHODS

Patient's characteristics
At the FSBI Russian Ilizarov Scientific Center, 236 patients with Dupuytren's contracture were operated on 2013 through 2018. Age of the patients ranged from 27 to 84 years. All of them gave prior informed consent for surgery. The study protocol was approved by the ethics committee of the institution. At the time of surgery, in most cases, the contracture matched the stages 23 according to R. Tubiana [9] classification, but four patients had stage 4. The inclusion criteria included histologically confirmed clinical diagnosis of Dupuytren's contracture and detailed anamnesis morbi in the case report. The exclusion criterion was the acute trauma of the hand in anamnesis. For clinical characteristics, the following data were taken into account: age, sex, duration of clinical signs of fibromatosis, bilateral affection and number of fingers with impaired function, and comorbid conditions.
Histological analysis
Tissue samples of pathologically changed palmar aponeurosis with hypodermis from 87 patients were fixed in a mixture of 20 g/L solutions of glutaraldehyde and paraformaldehyde in phosphate buffer (рН 7.4) adding 1 g/L picric acid. Then according to standard protocols, samples were embedded in paraffin. For preparation of histological sections (thickness 57 µm), the Reichert microtome (Vienna, Austria) was used. Sections were stained with hematoxylineosin, Masson's trichrome method was used for collagen, and Weigertvan Gieson's was used for elastic fibers selective evaluation. Digital images of the fields of view of the photomicroscope "Оpton" (Oberkochen, Germany) were obtained using the "DiaMorph" hardwaresoftware complex (Moscow, Russia 
Laser doppler flowmetry
Assessment of microcirculation of skin tissues was carried out using laser doppler flowmetry (LDF) with a BLF 21 monitor (Transonic System Inc., Ithaca, NY, United States), calibrated according to manufacturer's recommendations. The apparatus was equipped with a standard fiber separation probe (0.25 mm) and laser wavelength of 780 nm with a measurement depth of 0.51.0 mm. The method of LDF examines vessels of the microcirculatory bed, located in the dermis and hypodermis. The probe was placed on the palmar surface of the hand ( Figure 1 ) on areas of pronounced fibromatosis (bases of ⅣⅤ fingers) and fastened with a doublesided adhesive membrane. Measurements of LDF were expressed in arbitrary units of perfusion (PU).
To study the mechanisms involved in the regulation of tissue blood flow, a local ischemic test including the installation of an occlusive cuff on the forearm was performed. After registration of capillary flow at rest (microcirculatory flow base MFB) and after 3 min of ischemia (microcirculatory flow peak -MFP), the index of peak microcirculatory blood flow was counted: IMFP = MFP/MFB × 100% -percentage of increase in capillary blood flow after cuff release. Time of hyperemic response from the moment of cuff release to maximal growth of capillary blood flow, velocity of hyperemic response velocity of growth of microcirculatory flow from the moment of cuff release to maximal capillary blood flow, time of half-recovery, speed of half-recovery, time of full microcirculatory blood flow recovery, duration of hyperemic response, and the intensity (area)
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Statistical analysis
After obtaining the parameters of descriptive statistics, all samples of quantitative data were evaluated for the normality of distribution using the ShapiroWilk test. For some samples, the normality hypothesis was not confirmed. 
RESULTS
Patient's characteristics
General characteristics of Dupuytren's contracture patients are presented in Table 1 . Out of 87 patients, 22 (25.3%) noted the first symptoms of palmar fibromatosis at the age of less than 50 years and were younger than 55 at the time of surgery (Ygroup). The remaining 65 patients were aged 50 years and older at disease onset and they were 55 and more years old at the time of surgery (Ogroup). These groups differed in the frequency of cases, with a rapidly progressive development of contracture (less than 5 years) in Ygroup 13.6% and in Ogroup 40.0% (P = 0.029161528). The incidence of cardiovascular diseases in the Ygroup was 27.3%, and in the Ogroup 61.5% (P = 0.001772739).
Histological findings
According to microscopic examination of histological preparations, along with arteries of a typical structure (Figure 2A ), there are arteries in the state of constrictive remodeling that differ from normal by a significant narrowing of the lumen. In some cases, such arteries are characterized by pronounced fibrosis of adventitia and contraction of the muscular layer ( Figure 2B ) but preserved integrity of the internal elastic membrane. In the luminal lining of such arteries, there are only single neointimal cells modified smooth muscle cells. In other cases, the narrowing of the lumen of remodeled arteries is due to the presence of a pronounced poly morphic cell neointimal layer ( Figures 2C and E) . The specific coloration of elastin allowed for visualization of damage to the internal elastic membrane ( Figure 2D ), which were residual fragments of the old (preexisting) internal elastic membrane, and a network of newly formed elastic fibers in the thickness of the neo-intima ( Figure 2F ). The hypodermal tissue adjacent to the surface layer of the palmar aponeurosis was characterized by increased vascularization. Thickwalled capillaries were located singly ( Figure 3A ) or in the form of clusters. Perivascular spaces were often infiltrated with inflammatory cells (Figure 3B ), which in some cases formed continuous multicellular cuffs ( Figure 3C and D). In some loci of the hypodermis, pronounced perivascular fibrosis ( Figures 3C, E and F) , replacement of fat cells with collagen deposits, and perivascular clusters of fibroblasts were evident ( Figure 3F) .
With morphometric analysis, it was established that the outer diameter and diameter of the lumen of the perforating arteries of the palmar aponeurosis were reduced in comparison with the control in both Dupuytren's contracture groups, but this reduction was greater in the Ygroup than the Ogroup ( Table 2 ). The thickness of the artery wall was also increased in comparison with the control, but this increase was greater ( (Table 3 ). The numerical and volumetric density of the vessels in the hypodermis, as well as the percentage of vessels with signs of peri adventitial inflammatory infiltration, was also larger in the Ygroup. The Ogroup was characterized by a greater degree of perivascular fibrosis. The average diameter of the vessels was significantly higher in the Ygroup. The percentage of vessels with a diameter greater than 12 µm in the Ygroup was 47.1%, and in the Ogroup it was 41.2% (P = 0.039384).
Investigation of microcirculation
The base microcirculatory flow in the Ygroup was significantly increased in comparison with the norm and the O-group (Table 4) . Peak microcirculatory flow in the Ygroup was also increased but only in comparison with corresponding norm. In the Ogroup, the index of peak microcirculatory flow was increased compared to norm and the Ygroup. Both patients' groups differed from healthy controls, with more pronounced variability of postocclusive hyperemia as well as a more pronounced difference in their right and left arms.
DISCUSSION
The role of adipose tissue in the pathogenesis of Dupuytren's contracture has been extensively studied. The prevalence of the disease in older age groups was associated with less content of adipose tissue in fascial structures and hypodermis and corresponding reduction of its protectiveamortization role during chronic hand traumatization [17, 18] . Besides peculiarities of the lipid composition in adipose tissue, the similarity of gene expression in adipose tissue and in fibromatous nodes was established in patients with Dupuytren's contracture [12] . The role of adipose tissue in angiogenesis is known [19] , and the presence of markers of angio genesis in Dupuytren's contracture palmar aponeurosis was proved [20] . The composition of the luminal lining of microvessels revealed potential precursors of myofibroblasts [21] . In this study, the quantitative characteristics of the hypodermal adipose tissue vascularization in patients with Dupuytren's contracture were represented for the first time. It has been established that the perforating arteries of the palmar aponeurosis, which give rise to the vascular plexus of the hypodermis, are in a state September 18, 2018|Volume 9|Issue 9| of constrictive remodeling. Such a remodeling was characterized by a reduction of arteries outside and luminal diameters, and in patients older than 55 years it was accompanied with thickening of the arterial wall.
In both age groups, the thickness of the intima and intima/media thickness ratio were increased compar ed to control. In the older age group, a significantly higher incidence of arterial hypertension and other cardiovascular diseases were noted. A more pronounced decrease in the external diameter and lumen of the perforating arteries in the younger age group suggests that constrictive remodeling of arteries is mainly associated with the development of fascial fibromatosis rather than cardiovascular diseases. This assumption is consistent with the results of a study of normotensive patients with another rheumatic disease systemic lupus erythematosus [22] . A limitation of our study was the small sample size of patients in the postocclusive hyperemia test. However, the increased variability of its characteristics in comparison with the norm and the large difference in the parameters of the right and left hands suggest that this sample, and in particular the area of the hyperemic response, may reflect the severity of pathological and compensatoryadaptive changes. In patients with ischemic heart disease, the area of hyperemic response was relevant to endothelial dysfunction [23] . We assumed that a study with a large sample of patients with Dupuytren's contracture before and after the operation will clarify the role of microcirculation in the development of individually oriented treatment protocols.
The larger numerical and volumetric densities of microvessels in the hypodermal tissue in patients younger than 55 years of age compared to those in the older age group are consistent with larger microcirculatory blood flow. These data, combined with a significantly greater proportion of vessels with a diameter of more than 12 µm, indicate more pronounced processes of capillary and arteriologenesis. We have not, however, used angiogenesis markers, and this is another limitation of our study. The incidence of quick progression of contracture was higher in the older group. The secondary hypothesis of our study is that the use of therapeutic angiogenesis in patients operated on for Dupuytren's contracture will slow the recurrence and spread of fibromatosis.
In conclusion, more severe constrictive remodeling of palmar fascia perforating arteries supplying the hypodermis was revealed in patients younger than 55, but the increased vascularization of the hypodermis serves as a compensatoryadaptive mechanism that slows the development of fibromatosis and contracture.
ARTICLE HIGHLIGHTS
Research background
Patients with Dupuytren's contracture are numerous in hand clinics. In most cases, conservative treatment is not curable. Surgical excision of diseased tissue and correction of contracture are effective but the risks of recurrence and extension of pathological changes are high. Measures of successful influence on course of the disease are absent.
Research motivation
Multiple studies of Dupuytren's disease deal with transformations of connective tissue, its molecular mechanisms, peculiarities of cells immuno-histochemical phenotypes, and gene expression. Though vascular remodeling mediates pathogenesis of various diseases, little is known about changes in palmar fascia and hypodermis vascularity in Dupuytren's contracture patients -especially its quantitative characteristics.
Research objectives
We wanted to analyze histological morphometric parameters of palmar fascia arteries and microvascularity of palmar hypodermis of Dupuytren's contracture patients and to assess the functional parameters of microcirculation of palmar skin tissues. The main purpose was to present peculiarities of structural and functional characteristics of palmar hypodermal tissue vascularization in different age groups and to determine whether these groups differ in the rate of progression of the hand deformity.
Research methods
We identified clinical characteristics of Dupuytren's contracture patients (n = 87), morphometric characteristics of palmar fascia perforating arteries (n = 30), stereologic characteristics of hypodermis, parameters of microcirculatory flow, and post-occlusive hyperemia test (n = 52) in Dupuytren's contracture patients in younger and older groups and healthy controls in different age groups. Methods were standard, but to the best of our knowledge, they had not been 
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used for Dupuytren's contracture research.
Research results
Cases with rapid progression of hand deformity (less than 5 years) were more common in older patients (55 and more years old). Signs of arterial constrictive remodeling were more prominent in the younger group. Adipocytes content, microvessel density, and per cent of microvessels with signs of inflammatory infiltration were bigger in the younger group. Vessels with adventitial fibrosis were seen more often in the older group. Base capillary flow in the younger group was bigger than the healthy control subjects and the older group; peak capillary flow was increased in comparison with control.
Research conclusions
Constrictive remodeling of palmar fascia arteries in studied groups of patients was associated with the development of fascial fibromatosis rather than cardiovascular disease. In patients younger than 55 years, old compensatory changes of the microcirculatory bed in palmar hypodermis contributed to more benign course of the disease.
Research perspectives
Further analysis of functional and structural characteristics of blood vessels in different age and comorbidity groups of Dupuytren's contracture patients are necessary for development of effective vasogenic therapy, which may effectively influence disease progression and extending.
